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In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of 
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to Design for Manufacturability  

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and  

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through eliminating misun-
derstandings between manufacturers and purchasers, facilitating interchangeability and improvement 
of products, and assisting the purchaser in selecting and obtaining with minimum delay the proper 
product for his particular need. Existence of such Standards and Publications shall not in any respect 
preclude any member or nonmember of IPC from manufacturing or selling products not conforming 
to such Standards and Publication, nor shall the existence of such Standards and Publications pre-
clude their voluntary use by those other than IPC members, whether the standard is to be used either 
domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume 
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting the 
Recommended Standard or Publication. Users are also wholly responsible for protecting themselves 
against all claims of liabilities for patent infringement.

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation 
of IPC publications is voluntary and is part of a relationship entered into by customer and supplier. 
When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC 
that the use of the new revision as part of an existing relationship is not automatic unless required by 
the contract. The TAEC recommends the use of the latest revision. 	 Adopted October 6, 1998 

Your purchase of this document contributes to the ongoing development of new and updated industry 
standards and publications. Standards allow manufacturers, customers, and suppliers to understand 
one another better. Standards allow manufacturers greater efficiencies when they can set up their 
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards 
and publications development process. There are many rounds of drafts sent out for review and the 
committees spend hundreds of hours in review and development. IPC’s staff attends and participates 
in committee activities, typesets and circulates document drafts, and follows all necessary procedures 
to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate. 
Therefore, the standards and publications revenue is necessary to complement dues revenue. The 
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and pub-
lications, why not take advantage of this and the many other benefits of IPC membership as well? For 
more information on membership in IPC, please visit www.ipc.org or call 847/597-2872.

Thank you for your continued support.
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Test Methods for Characterization of  
Printed Board Assembly Pad Cratering

1 SCOPE

This document provides test methods to evaluate the susceptibility of printed board assembly (PBA) materials and designs to 
cohesive dielectric failure underneath surface mount technology (SMT) attach pads. The test methods can be used to rank order 
and compare different printed board materials and design parameters, but do not define acceptance criteria.

1.1 Performance Classification  This test method guideline recognizes that surface mount assemblies (SMAs) will be subject to 
variations in performance requirements based on end use. While performance classes are defined in IPC-6011, these performance 
classifications are not specific as to the required reliability. As of the publication of this standard, the acceptance criteria needs to 
be established as agreed between user and supplier (AABUS).

1.2 Definition of Terms  The definition of all terms used herein shall be as specified in IPC-T-50, except as otherwise specified 
in 1.2.1 through 1.2.4.

1.2.1 BGA  Ball Grid Array package.

1.2.2 Component  Packaged semiconductor device.

1.2.3 Solder Joint/Ball	 The solder interconnection between a component and PBA.

1.2.4 Pad Cratering  The formation of a cohesive (or adhesive) dielectric crack or fracture underneath the pad of a surface mount 
component, most commonly BGA packages.

1.3 Interpretation  “Shall” is used throughout this specification whenever a requirement is intended to express a provision that 
is mandatory; deviation may be considered if sufficient data is supplied to justify the exception.

The words “should” and “may” are used whenever it is necessary to express non-mandatory provisions. “Will” is used to express 
a declaration of purpose. To assist the reader, the word “shall” is presented in bold characters.

2 APPLICABLE DOCUMENTS

The following documents are applicable and constitute a part of this specification to the extent specified herein. Sub-sequent issues 
of, or amendments to, these documents will become a part of this specification. Documents are grouped under categories such as 
IPC, Joint Industry Standard, and others depending on the source.

2.1 IPC1

IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits

IPC-6011 Qualification and Performance Specification for Printed Boards

2.2 Joint Electron Device Engineering Council2

JESD22-B117A BGA Ball Shear

JESD22-B115 Solder Ball Pull

1. www.ipc.org		   
2. www.jedec.org 
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3 TEST METHODS

3.1 General  Mechanical bend and shock tests are routinely 
performed on SMT assemblies to ensure that they can sustain 
anticipated production, handling and end use conditions. The 
strains and strain rates applied to SMT assemblies during 
bend and shock testing can lead to a variety of failure modes 
in the vicinity of the solder joints. Figure 3-1 shows the failure 
modes that are known to occur in BGA assemblies subjected to 
mechanical loading conditions. Refer to Table 3-7 for a more 
detailed description of failure modes of Type G.

The prevalence and distribution of these failure modes depend on 
several factors, including the solder metallurgy used, the package 
type, construction, component to PBA pad size ratio, and PBA 
materials. Usually, multiple failure modes occur concurrently, at 
different strain and strain rate levels. 

To mitigate the failure modes occurring at marginal strain 
levels, it is crucial to decouple the failure modes and identify 
the weakest link in the assembly. Unfortunately, failure modes 
cannot be easily differentiated in high speed monotonic bend 
tests, where the test duration is fairly short and multiple failures 
occur in rapid succession. 

In shock testing, the entire assembly is subjected to incremental 
G-levels, and gross failures are detected only if a change in 
strain level or electrical resistance is detected. The onset of pad 
cratering (failure mode categories G and A) may not have an 
electrical signature. An example of a pad cratering failure mode 
is shown in Figure 3-2. 

Several factors could play a role in the increased prevalence of 
this failure mode in lead-free assemblies as opposed to tin-lead 
assemblies:
a.	 Lead-free solders are generally stiffer than tin-lead solders. 

Consequently, they can transfer more of the applied global 
strain to the PBA. 

b.	 Phenolic-cured PBA materials typically used in lead-free 
assemblies are more brittle than conventional dicy-cured 
FR-4 materials. 

c.	 The higher reflow temperatures and cooling rates which 
lead-free assemblies are subjected to can lead to higher 
strains in the assembly. These strains could eventually relax 
over time, but if mechanical strain is applied shortly after 
reflow, pad cratering could occur at lower mechanical strain levels.

d.	 The temperature range from solder solidification to the printed board glass transition temperature is roughly double for lead-
free solders than that for tin-lead solders; this could lead to a doubling of any thermal expansion mismatch, which could, in 
turn, increase the propensity for pad cratering. 

To mitigate this failure mode, it is critical to determine the impact of each of the following contributing factors independently: 
solder metallurgy, PBA materials and reflow conditions. 

One way to decouple and quantify the effect of the lead-free solder joints relative to the PBA is to develop a test method that can 
quantitatively measure and compare the effects of different PBA materials and design variables alone. Such a test method, used in 
conjunction with the standard monotonic bend and shock tests, can provide the following:
a.	 Relative-strength comparison of different PBA materials and PBA pad design variables
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Figure 3-1 Example Failure Mode Categories Occurring in a 
BGA PBA Assembly

Figure 3-2 Example of a Pad Cratering Failure
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b.	 Quantitative guide to improve PBA materials, stack-up and design variables to better withstand required strains and strain 
rates 

c.	 Quantitative relationship between lead-free solder joint stiffness and the propensity for pad cratering 
d.	 Consistent, repeatable method for checking suspect PBAs against known baseline PBAs 

Common test methods presently being explored include a pin-pull test, a ball-pull test, and a ball-shear test. Each test method has 
its unique challenges and benefits. Recommendations and guidelines are provided in this document to address the design rules and 
methodologies applicable to each of the test methods, based on the data currently available. General standard test methods for ball 
pull and shear are also available via JEDEC (see Section 2). 

3.2 Test Coupons  If direct comparisons between two PBA materials are needed, identical finished pad diameters, solder mask 
openings (see Figure 3-3) and PBA thickness must be used. Finished pad diameter matching can be accomplished by measurement 
and selection, using test coupons with multiple closely spaced pad sizes (0.356 mm [0.014 in], 0.381 mm [0.015 in], 0.406 mm 
[0.016 in] and 0.432 mm [0.017 in], or 0.406 mm [0.016 in], 0.457 mm [0.018 in], 0.508 mm [0.020 in], and 0.559 mm [0.022 in]), 
for example. Alternatively, pad size variation can be reduced by specifying a tighter tolerance on finished etch size. Solder-mask 
opening interference can usually be avoided by specifying a large (> 0.635 mm [0.025 in] or 0.762 mm [0.030 in]) solder-mask 
opening. A standardized test coupon is the preferred vehicle for all test methods listed in this guideline. However, it is recognized 
that standard coupons may not be available to the user of the method. Therefore land patterns of production printed boards can 
also be analyzed. In either case, the following attributes should be considered, as they are known to affect the measurement results:

•	 The use of isolated lands (without any connecting conductors) to minimize variations due to conductor construction on pad 
cratering sensitivity (peak load values) on a test coupon. Isolated pad data cannot be directly compared to data from pads 
with conductors attached (+trace), as isolated and +trace behavior can be significantly different even when testing on the 
same sample.

•	 Land to laminate surface area 
•	 Solder mask openings (see Figure 3-3)
•	 PBA thickness

The use of land patterns of production boards in some cases may be more appropriate. For instance: comparative PBA pad crater 
sensitivity tests between similar form factors, or to measure impact of process & Cu design changes on a common PBA resin 
material. However, one should expect greater variance in the measurements as impacted by pad size, conductor design and other 
test board design features. Uncertainty analysis may be needed to determine the usefulness of the results.

Non-circular test patterns may be used for comparative PBA pad crater sensitivity tests between similar form factors, or to measure 
the impact of process & Cu design changes on a common PBA resin material. Non-circular data will contain more variation and 
will be impacted by pad size and other test board design features. Non-circular data should not be directly compared to isolated 
pad data.

No copper conductors are required in the inner layers of the test board. 
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Figure 3-3 Definition of Pad Construction
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